showed that the expression of ENaC-β and ENaC-γ subunits from renal medulla section of 52
Kcnj10 -/-

Introduction 59
Loss-of-function mutations of Kcnj10 (Kir4.1) cause EAST/SeSAME syndrome in 60 human (seizures, sensorineural deafness, ataxia, mental retardation and electrolyte imbalance) 61
(1). The renal phenotype of the disease is reminiscent to Gitelman's syndrome including 62 hypomagnesemia, hypokalemia and metabolic alkalosis, suggesting that the disruption of Kir4.1 63 mainly impairs the transport in the DCT (15; 16) . This is also indicated by our previous finding 64 that the disruption of Kir4.1 significantly decreased NCC expression (21; 27). However, Kir4.1 65 has been shown to be expressed not only in the DCT but also in the TAL, connecting tubule 66 (CNT) and initial cortical collecting duct (CCD) in human kidney (10; 14; 25) . Studies 67 performed in the TAL of Kcnj10 -/-mice demonstrated that the disruption of Kir4.1 did not 68 significantly decrease the basolateral K + conductance and had no effect on the membrane 69 potential of the TAL (25) . We further demonstrated that a Na phenotypes of Bartter's syndrome although Kir4.1 is expressed in the TAL. While the NCC 73 expression was significantly decreased in the mouse models in which Kir4.1 activity was 74 inhibited, the phenotype of Na wasting was relatively modest (16; 21). We speculate that 75 disruption of Kir4.1 in the CNT and CCD may not significantly affect the electrochemical 76 driving force for Na + entry through ENaC in the CNT and CCD. Moreover, it is possible that 77
ENaC activity in collecting duct may be upregulated in Kcnj10 
Preparation of the CNT and early CCD
After mice were sacrificed by cervical dislocation, 94
we perfused the left kidney with 2 ml collagenase type 2 (250 unit/ml) containing L-15 medium 95 (Life Technology). The collagenase perfused kidney was removed and we only cut the renal 96 cortex with a sharp razor. The renal cortex at the top half was further cut into small pieces which 97 were then incubated in collagenase-containing L-15 media for 30-40 min. After the collagenase 98 treatment, the tissue was washed three times with L-15 medium and transferred to an ice-cold 99 chamber for dissection. The method for dissecting CNT and early CCD was similar to those 100 described previously for dissecting DCT (26) . The patch-clamp experiments were performed in 101 the late CNT and early CCD near the branch of CNT/CCD as shown in Fig.1 . The tubules were 102 adhered to a cover glass coated with polylysine and the cover glass was placed on a chamber 103 mounted on an inverted microscope. The tubule was superfused with a bath solution containing 104 140 mM NaCl, 5 mM KCl, 1.8 mM MgCl 2 , 1.8 mM CaCl 2 , and 10 mM HEPES (pH 7.4). 105
Patch-clamp experiment
For the single channel recording, an Axon200B patch-clamp 106 amplifier was used to record the channel current. Borosilicate glass (1.7-mm OD) was used to 107 make the patch-clamp pipettes using a Narishige electrode puller. The pipette solution contained 108 (in mM) 140 KCl, 1.8 MgCl 2 and 10 HEPES (PH=7.4). The currents were low-pass filtered at 1 140 mM NaCl+5 mM KCl. After forming a high resistance seal (>2 GΩ), the membrane 121 capacitance was monitored until the whole-cell patch configuration was formed. The currents 122 were low-pass filtered at 1 KHz, digitized by an Axon interface with 4 KHz sampling rate 123 (Digidata 1440A). Data were analyzed using the pClamp software system 9.0 (Axon). 124
Immunostaining
Mice were anesthetized with ketamine (100 mg/kg) and Xylazine (10 125 mg/kg) and the abdomens were cut open for perfusion of kidneys with 2 ml PBS containing 126 heparin (40 unit/ml) followed by 20 ml of 4% paraformaldehyde. After perfusion, the kidneys 127 were removed and subjected to post-fixation with 4% paraformaldehyde for 12 hr. The kidneys 128 were dehydrated and cut to 8-10 μM slices with Leica1900 cryostat (Leica in an ice-cold solution containing 250 mM sucrose, 50 mM Tris-HCl, 1 mM EDTA, 1 mM 139 EGTA, 1 mM DTT, 1% protease and phosphatase inhibitor cocktails (Sigma) titrated to pH 7.6. 140
After homogenization, the sample was subjected to centrifugation at 2000 rpm for 15 min at 4 o C 141 and the protein concentration was measured using the DC Protein Assay Kit (Bio-Rad, Hercules, 142 CA). The proteins were separated by electrophoresis on 4-15% SDS-polyacrylamide gels and 143 transferred to nitrocellulose membrane. The membranes were blocked with LI-COR blocking 144 buffer (PBS). An Odyssey infrared imaging system (LI-COR, Lincoln, Nebraska) was used to 145 scan the membrane at a wave-length of 680 or 800 nM. For Western blot, ENaC-α, ENaC-β and 146
ENaC-γ antibody were diluted at 1:1000. 147
Experimental materials and statistics:
We obtained polyclonal Kir4.1 antibody from 148 7 and ENaC-γ antibodies were purchased from StressMarg (Victoria, Canada). AQP2 antibody 150 was purchased from Santa Cruz (Dallas, TX). The data are presented as mean ±SEM. We used 151
Chi-squared test, the paired student's t test or one way ANOVA (Kruskal-Wallis H test) to 152 determine the statistical significance. If the p-value is less than 0.05, the results were considered 153 to be significant. 154
Results
155
We first carried out immunostaining experiments to examine whether Kir4.1 is expressed 156 in the AQP2 positive tubules in postnatal (p9) WT mice. Fig (Fig.7A ) and in the outer medulla 214 (OM) (Fig.7B) . Although the disruption of Kir4.1 had no significant effect on ENaC-α subunit 215 expression, it significantly increased the expression of ENaC-β (cortex, 140 ±20% of the control; 216 OM, 170±20% of the control) and -γ subunits (160±20% of the control for both cortex and OM) 217 (Fig.7D) . Moreover, although full-length ENaC-α was not significantly changed in Kcnj10 -/-mice in comparison to WT control, the cleaved form of ENaC-α was significantly increased in 219
Kcnj10
-/-mice by 70±20% (Fig.7C) . The notion that the depletion of Kir4.1 stimulates ENaC-β 220 expression in medullary collecting duct is further indicated by immunostaining of ENaC-β 221 subunit (Fig.8) . It is apparent that ENaC-β subunit expression is higher in the medulla of 222
-/-mice than that of WT mice. Since it is not possible to directly measure either 223 aldosterone or vasopressin in p9 neonatal mice, we could only speculate that an increase in 224 vasopressin level may be mainly responsible for stimulation of ENaC-β and ENaC-γ subunits. 225
This view is supported by the report that aldosterone increased ENaC-α expression without 226 having an effect on ENaC-β and ENaC-γ expression (11). On the other hand, it has been reported 227 that vasopressin stimulated ENaC-β subunit expression (3). Our previous experiments supported 228 the notion that the disruption of Kir4.1 increased vasopressin level as evidenced by the fact that 229 AQP2 expression was significantly increased in p9 Kcnj10 Moreover, immunostaining shows that Kir2.3 is expressed in the basolateral membrane of the 282 CCD. In addition, a strong Kir.7.1 immunostaining was detected in the basolateral membrane of 283 the CNT and CCD whereas a weak Kir.7.1 staining was also detected in outer medullary 284 collecting duct (OMCD) and inner medullary collecting duct (IMCD) of the rat kidney (13). 285
Furthermore, the expression of Kir.7.1 was only detected in principal cell of the CCD (18). 286
Further study is required to determine the role of Kir7.1 and Kir2. Expression of AQP2 in WT and Kcnj10 -/-mice
